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OPTICAL INTERCONNECTION SHEET 



5 Field of the Invention / 

The present invention relates to an optical 
interconnection sheet for arranging a large number of 
optical fibers in two dimensions. 

Background 

10 Optical interconnection sheets for arranging a large 

number of optical fibers in two dimensions are disclosed, 
for example, in Japanese Patent No. 2574611 and Japanese 
Unexamined Patent Publication Nos. 2001-141936, 2001- 
147330, and 2002-174736. In any of these disclosed 

15 optical interconnection sheets, each individual optical 

fiber is directly bonded. to a film by means of an adhesive 
or glue. 

Japanese Unexamined Patent Publication No. 2001- 
14733 0 discloses reinforcing an optical fiber portion from 

20 an optical interconnection sheet (optical fiber sheet) . 

The optical fiber was covered with a reinforcing tube and 
bonded to the sheet by sandwiching the tube between two 
sheets as shown in Figure 4. However, the optical fiber 
portion fixed to the sheet via the reinforcing tube is 

25 only a portion of the optical fiber. The remaining larger 
portion of the optical fiber is directly bonded to the 
sheet . 

The end portion of each optical fiber arranged on the 
optical interconnection sheet is subsequently connected to 

30 an optical connector or the like. Because the optical 
fiber is directly bonded to the film, if the fiber 
terminating process fails, the entire optical connection 
sheet including the other optical fibers will be rendered 
unusable, decreasing the fabrication yield. Therefore, 

35 the end portion of the optical fiber should be provided 

with an extra length allowing for such failure. Even with 
the extra length, the situation would be the same if the 
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same failure was repeated. 

Another problem may arise when the optical fiber is 
directly bonded to the film. Transmission loss may occur 
due to stress concentration at a fiber bend or due to a 
strain caused by differences in thermal expansion. 
Expansion arises when the materials expand or shrink due 
to temperature changes during a temperature test or 
changes in ambient temperature during use. 

Thus, there is a need to provide an optical 
interconnection sheet that can improve the yield in fiber 
terminating processing, and can prevent the occurrence of 
transmission loss due to stress concentration at an 
optical fiber bend or due to variations in ambient 
temperature. 

Summary 

Disclosed herein is an optical interconnection sheet 
comprising: at least one channel in which at least one 
optical fiber or an optical fiber ribbon cable is inserted 
for use; and a layered structure for maintaining the 
channel substantially in a two-dimensional plane by 
holding the channel in such a manner that both ends of the 
channel at least reach respective edges of the sheet. 

The layered structure includes, for example, two 
adhesive layers for sandwiching the channel from both 
sides thereof. 

Alternatively, the layered structure includes an 
adhesive layer on one side of the channel and a, resin 
layer on the other side of the channel. 

Preferably, the channel has an inner diameter and 
surface hardness that can maintain a gap to the optical 
fiber so as to allow the optical fiber to move within the 
channel when the optical fiber is being inserted therein. 

The channel may be formed from a heat shrinkable tube 
or heat shrinkable channel. 

Because the optical fiber is not fixed but is 
inserted in the channel, if the fiber termination process 
fails, it is only necessary to replace the optical fiber. 
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This advantage improves the yield in fiber terminating 
process. Furthermore, if the ambient temperature changes, 
the optical fiber experiences little to no strain. And, 
stress concentration does not occur at a bend portion of 
the optical fiber. 

Brief Description of the Drawings 

The invention can be better described with reference to 
the following figures, wherein: 

Figure 1 is a plan view showing an exemplary 
embodiment of an optical interconnection sheet of the 
present invention; 

Figure 2 is a cross-sectional view taken along A-A' 
in Figure 1; 

Figure 3 is a plan view showing another exemplary 
embodiment of an optical interconnection sheet of the 
present invention; 

Figure 4 is a cross-sectional view taken along B-B' 
in Figure 3; 

Figure 5 is a plan view showing yet another exemplary 
embodiment of an optical interconnection sheet of the 
present invention; and 

Figure 6 is a plan view showing yet another exemplary 
embodiment of an optical interconnection sheet of the 
present invention . 

These figures are not drawn to scale and are intended 
merely for illustrative purposes. In the figures, like 
reference numbers denote like items. 

Detailed Description 

Figure 1 is a plan view showing optical 
interconnection sheet 10 according 1 to one exemplary 
embodiment of the present invention. Figure 2 is a cross- 
sectional view taken along A-A' in Figure 1. As can be 
seen from Figure 2, the optical interconnection sheet has 
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channels 14 each having an inner diameter larger than the 
outer diameter of optical fiber 12. The channels are 
sandwiched between adhesive layers 16. Disposed on the 
adhesive layer are films 18. Optical fiber 12 is passed 
through channel 14 with a gap maintained with respect to 
the inner wall of the channel. Channels 14 are arranged 
in a desired pattern. In the example shown in Figure 1, 
two of three tubes overlap each other. The ends of each 
channel protrude beyond the respective edges of the sheet 
10. 

In one exemplary embodiment, each channel 14 has an 
inner diameter and surface hardness. Specifically, each 
channel has a surface strength of D50 to D80 as measured 
according to test method JIS K7215. A gap can be 
maintained between the optical fiber and the inner 
diameter of the channel as to allow free movement of the 
optical fiber within the channel. This free movement is 
present even in the structure of Figure 1 where two 
channels are arranged to overlap each other. 

Suitable material for use as the channel include but 
are not limited to polyacetal, nylon, fluororesin, 
PBT(polybutylene terephthalate) , thermoplastic elastomer 
such as polyester elastomer, polypropylene, and 
polyethylene (hard and soft) . The inner diameter of each 
channel 14 should be made not smaller than 1.1 times the 
diameter of the optical fiber in a straight pattern 
portion, and not smaller than 1.3 times the optical fiber 
diameter in a bend portion. 

For the adhesive layers 16, a resin material having 
good resilience and flexibility can be used. Suitable 
examples include acrylate, urethane, epoxy, polyimide, 
polyethylene, silicone, ultraviolet light cured acrylate, 
and ultraviolet light cured urethane. 

Films 18 are provided to remove the tackiness of the 
adhesive layers 16 for ease of handling. Suitable films 
include, but are not limited to, polyimide and 
polyethylene terephthalate (PET) . One of the films may be 
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formed from a separator sheet (i.e., a liner), which is 
removed for use so that the sheet can be bonded to a 
substrate or the like by making use of the tackiness of 
the underlying adhesive layer 16. 

Although a silica fiber is used as optical fiber 12, 
a plastic fiber may be used as well. 

The structure of the optical interconnection sheet of 
the invention is not limited to the example shown in 
Figure 2 in which the channels are sandwiched between 
adhesive layers; for example, the channels may be arranged 
on an adhesive material, and the resulting structure may 
be coated or sealed with a resin, where the resin is not 
the adhesive material, i.e., where the resin is a 
different material than the adhesive material. 

Figure 3 is a plan view showing an optical 
interconnection sheet according to another exemplary 
embodiment of the present invention, and Figure 4 is a 
cross-sectional view taken along B-B 1 in Figure 3. As 
shown in Figure 4, a plurality of optical fibers 12 are 
inserted in channel 14, which has been sandwiched between 
adhesive layers 16. In one embodiment, a plurality of 
optical fibers 12 are used. In another embodiment, a fiber 
ribbon cable made of a plurality of optical fibers 
arranged side by side and fastened together to form a flat 
tape-like structure may be used. 

Figure 5 is a plan view showing an optical 
interconnection sheet of yet another embodiment of the 
present invention. In the embodiment of Figure 5, an 
optical fiber 12 that has been terminated to one end to 
optical connector 20 is inserted in channel 14. If 
desired, another optical device or the like can be 
connected to the other non- terminated end of optical fiber 
12. 

Figure 6 is a plan view showing an optical 
interconnection sheet of yet another embodiment of the 
present invention. In the embodiment of Figure 6, channel 
22 provides a backup path for the plurality of optical 
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fibers 12. If any one of the plurality of optical fibers 
12 becomes faulty, the communication path can be 
maintained by passing a new optical fiber through backup 
channel 22 . 

5 A heat shrinkable tube may be used as the channel 14 

or 22. In that case, after the ends of the optical fibers 
have been processed, the heat shrinkable tube is heated 
and shrinks around the optical fibers. This process holds 
the optical fiber .fixed in the optical interconnection 
10 sheet and improves the yield in fiber terminating 
processing . 

Preferably, each channel or heat shrinkable tube is 
formed from a flame retardant material, depending on its 
use environment. Each channel or heat shrinkable tube may 

15 be colored to facilitate discrimination between the 

plurality of optical fibers brought out from the end faces 
of the optical interconnection sheet. 

In one exemplary embodiment, each channel 14, 22 or 
heat shrinkable tube is arranged with its ends protruding 

20 beyond the end faces of the sheet, as shown in Figures 1, 
3, 5, and 6, but this is not an essential requirement. The 
only requirement is that each tube be arranged in such a 
manner that its ends at least reach the respective end 
faces of the sheet. 

25 There are several advantages to the present 

invention. 

For example, because the optical fiber is inserted in 
the channel, the inserted optical fiber can be removed if 
necessary. As a result, the optical fiber extending from 
30 the optical interconnection sheet need not be provided 
with an extra length. 

Also, because a defective fiber can be removed and a 
new optical fiber inserted, repairability in the fiber end 
processing improves, increasing the fabrication yield of 
35 the optical interconnection sheet. 

The length of the optical fiber extending from the 
optical interconnection sheet can be adjusted after the 



6 



WO 2004/059352 



PCTYUS2003/041013 



optical fiber is inserted in the channel. 

Because the optical fiber is movable within the 
optical interconnection sheet, stress applied to a fiber 
bend can be alleviated. 
5 Optical fibers can be inserted in channels that 

overlap with the other. This alternative serves to avoid 
the bending stress that occurs when the optical fibers are 
arranged one overlapping the other. 

By making the channel protrude from the optical 
10 interconnection sheet, the protruding portion of the 

optical fiber, as well as the portion of the optical fiber 
at the junction with the optical interconnection sheet, 
can be protected. 

Because the optical fiber is not in direct contact 
15 with the adhesive material, the stress to which the 

optical fiber is subjected due to environmental changes 
can be alleviated. 

The optical fiber can be inserted in the channel 
after the latter is mounted on the adhesive material. 
20 This process serves to avoid the pressing stress that 

would be applied to the optical fiber if the optical fiber 
were fixed to the adhesive material. 

The channel with the optical fiber already inserted 
therein can be mounted on the adhesive material . The 
25 channel serves to protect the optical fiber and alleviate 
the stress applied to the optical fiber during 
installation. 
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